Abstract
and off k , respectively. Note that on k is an apparent rate that depends on drug concentration.
107
The complex C then forms a covalent bound irreversibly at the second step, in a first-order 108 reaction with a rate constant i k . These two processes can be described respectively as follows.
109
Receptor turnover:
Here p k and d k are cell parameters associated to receptor turnover; on k , off k and i k are drug 117 parameters for covalent inhibition process.
118
In the absence of drug, the receptor has a steady state at 0 pd R k k  nM. Scaling R and C
119
with 0 R in (3) and (4), the two concentration variables become dimensionless terms 120 0 dp r R R Rk k  and 0 dp c C R C k k  , respectively, and the ODE model can then be two ODEs for dimensionless r and c, respectively:
, this ODE model can be written in a matrix format 
160
Under these two conditions, the term of d  can be ignored, and model (9) is approximated by In all simulation and illustrative results in this paper, the time terms are represented in
181
(time t scaled by off k ), and the x-axis for on  is in log 10 scale in dose-response curves. 
191
The approximate model in (12) represents a homogeneous LTI system with
. We can use the eigenvalue method to analyse its dynamic 
196
For the first eigenvalue
198 its associated eigenvector is
For the second eigenvalue
its associated eigenvector is 
where all terms regarding eigenvalues and entries in eigenvectors are provided in (14) - (17).
208
The log 10 transformed ratio of the two eigenvalues for different pairs of ( on observation may suggest a reversible inhibition, which is not true from the above analysis. modification are much faster than receptor turnover. The system can also be modelled by (12).
232
It can be seen from the heat map in Fig. 3 calculated from (14) and (16), respectively. In this case, the dose response curves measured at 236 different incubation times are predicted to be clearly separated from each other ( Fig. 5 (a) ).
237
The concentrations of R and C reach steady states with both values at 0 ( 
267
In this case, dd dd 
274
With model (19), the steady state is not determined by (13) since i
 is taken to be zero. In In summary, our analysis of fast drug process suggests for dose response to appear time-287 invariant, the following two requirements need to be satisfied. Firstly, the apparent first-order 288 rate  on and the first-order covalent bond formation rate  i need to be largely different so 
313
The steady-state values of r and c can be obtained through numerical integration with (22), or 314 calculated explicitly by (10) and (11).
315
Similar to the heat map in Fig. 3 , we first plot
 as a function of on  and i  316 in log 10 scales (Fig. 8) . Taking (Fig. 8 (a) ), separation of time scales kk .
328
The following can be verified in this parametric regime: result of drug inhibition, and then recovers towards steady states (see Fig. 9 (c) and Fig. 9 (d) ).
337
In the context of dose response curves, this means measurement taken before recovery in r 338 would make the drug appear more potent than the actual steady-state response. For 1 on   , r 339 is predicted to be smaller for 1   than for 10, 100, 1000   (Fig. 9 (a) ). In addition, this 340 trend is consistent throughout on  values to a larger range (Fig. 9 (b) ). Hence, the dose 
348
According to the heat map in Fig. 8 (a) , higher on  leads to smaller 2  (the blue region in recovery period in r (Fig. 9 (d) ) compared with that in 1 on   (Fig. 9 (c) ). This observation is 353 consistent with the separation of different dose response curves in Fig. 9 (a) .
354
In slow drug process, the increase of complex concentration is monotonic over time, while 
372
We simulated the cell-free assay of afatinib by using the model in (9) by taking 0. ) (see Fig. 10 (a) dose response curves at different incubation durations shift further to right (Fig. 10 (b) ) 384 compared with that of 0 Fig. 10 (a) ). In Fig. 10 (b 
Conclusions and discussions

396
At lead generation and optimization, it is important to understand the Mechanism Of 
